However, this theory does not satisfy the stress-free boundary conditions on the surface of the plate so it requires shear correction factors for the analysis of the thick plates TSDT is used. The higher order theory of composite laminated plates using levy solution is developed.
that of the conventional materials due to heterogeneous construction. In case of isotropic materials the failure is observable on the surface of the specimen. In composite due to stacking of several layers failures are confined to one or few layers and may never penetrate to the surface of the laminate. The common mode of failure in composite materials is matrix cracking, fibres breakage and delaminating. A method of accurate analysis is essential for the design and analysis of such a composite laminated plates. Analytical solutions are developed for the first time for anti-symmetric cross ply and angle ply laminated plates based on the higher-order displacement for Mobel-1. This solution method used here is Levy Method with the state space approach, depending on the boundary condition. The levy solutions can be developed for the plate with two opposite edges with simply supported and the remaining two edges having any possible combinations of boundary condition i.e. free simply supported or fixed support. The numerical methods can be used to determine approximate solutions for more general boundary conditions.
LEVY SOLUTIONS FOR CROSS-PLY LAMINATED PLATES
The levy method can be used to solve the governing equation of a various plate theories for rectangular laminate in which two opposite parallel edges are simply supported and the other two edges can have any boundary condition. In the present work the levy type solution for Vibration of anti-symmetric cross-ply laminates are presented.
A rectangle laminate which has an even number of orthotropic layers is considered. The planar dimension is taken to be a, b and total thickness h. Here it is assumed that the edges y = 0, b is simply supported and the other edges can each have arbitrary boundary conditions. The laminate coordinate system (x, y, z) is taken such that -a/2
The simply supported boundary condition (SS-1) on the edges y=0, b is expressed as:
The simply supported (S) clamped(C) and free (F) boundary conditions at the edges x = ±a/2 can be expressed as:
Clamped C:
Free F:
The generalized displacements expressed as products of undetermined functions and known trigonometric function which has to satisfy the simply supported the boundary conditions at y = 0, b.
The boundary conditions are satisfied by the following expression: 
FREE VIBRATION ANALYSIS OF SIMPLY SUPPORTED ANTI-SYMMETRIC CROSS-PLY LAMINATED PLATES
For free vibration set the mechanical loads to zero and assume periodic solution of the form: 
For a non trivial solution, W∆Y ≠0, the determent of the coefficient matrix should be zero, which yields the characteristic equation:
Where λ=% Is the Eigen value.
The real positive roots give the square of the natural frequency % ,M Associated with mode (m, n). The smallest of the equation is called the fundamental natural frequency.
RESULTS AND DISCUSSIONS
Numerical computations are carried out for the free undamped transverse vibration analysis of laminated Table   1 . The numerical values of non-dimensioned fundamental frequencies obtained using the levy method for various boundary conditions are presented in the tables for anti-symmetric cross-ply laminated plates. The fundamental frequencies increase with increasing orthotropy \ \ j as well as the number of layers.
The Effect of Orthotropy, Number of Layers, Side Thickness Ratio, Shear Deformation and Coupling on Fundamental Natural Frequency
• Figure 1 shows the effect of modulus ratio is more significant and there is a difference between 2, 4, 6 and 8 layered solution increases with moduli ratio. For an example the 4-layered laminated plate has a vibration frequency about 20% lower than those 6 and 8 layered plates with the same total thickness at a higher modulus ratio (E1/E2). It is also observed that with an increase in the number of layers the frequencies approach those of orthotropic plates.
• Figure 2 shows the effect of fundamental natural frequencies of the anti-symmetric cross-ply laminates is shown as a function of side to side thickness ratio and number layers are plotted and it is shown that the shear deformation effect is increasing significantly on the vibration of the plates. The effect of shear deformation www.tjprc.org editor@tjprc.org decreases with increasing values of a/h which is lesser than of layer 4,6 and 8
• Figure 3 shows the effect of non-dimensioned fundamental frequencies for the anti-symmetric cross-ply laminated plates as a function of the number of layers and side to thickness ratio (a/h). As the number of layers increases without changing the total thickness, thus increase the fundamental frequencies.
• Figure 4 shows the effect of thickness and the number of layers on the non-dimensioned fundamental frequencies for the layer 2, 4, 6, and 8 anti-symmetric cross-ply. It is also observed that the responses of the layered 2, 4, 6 and 8 laminate decreases in bending coupling and increases the fundamental frequencies.
• Figure 5 shows the effect of the plots of fundamental frequencies is a function of aspect ratio (a/b) and side to thickness ratio (a/h) for anti-symmetric cross-ply laminated composite plates. It is found that the percentage error is about 20% of the cross-ply laminated plates. This percentage error decreased with an increase in the number of layers.
• Figure 6 shows the effect of increasing the fundamental frequency. And it is noted that the fundamental frequency of the two layered plates is about 20% lower than that of the 8 layered laminate. 
CONCLUSIONS
The following conclusions are drawn from the result of the investigations on composite anti-symmetric cross-ply laminated plate using higher-order theory with levy solution.
• The enhancement of thickness-length ratio increases the plate natural frequency for all mechanical and electrical boundary conditions.
• The close form of the natural frequency of an anti-symmetric cross-ply with two opposite edges and other two opposite edges having an arbitrarily boundary condition had been developed based on the levy solution.
• The higher order shear deformation theories with levy solution avoids slope discontinuities at the interfaces of the composite laminated plates and predicts more accurate transverse shear and normal deformation than the first order and other higher order theories considered and gives a much better approximation to the behaviour of laminated plates.
• Shear and normal deformation effects are very significant at the interface of the actuator and laminate, which cannot be ignored while modelling laminates, especially under mechanical loading.
• Non-linear variations of displacements, stresses and strains through the thickness of the laminate are experienced along with an approximation of transverse normal deformation and transverse shear deformations.
• Inter laminar stresses have been found to occur only within a local region near the geometric boundaries of a composite laminate which are frequently referred to as a free edge effect. The high inter laminar stresses coupled with the low inter laminar strength, have been found to be of critical significance in the failure of laminated composite structures due to delamination.
